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Abstract

Objective The present study aimed to compare sex differences in the clinical manifestations related to dependence
behaviors in medication-overuse headache (MOH).

Methods Consecutive patients with newly diagnosed chronic migraine (CM) with and without MOH based

on the Third Edition of International Classification of Headache Disorders (ICHD-3) were enrolled prospectively

from the headache clinic of a tertiary medical center. Demographics and clinical profiles were collected by using

a questionnaire, which included current use of tobacco, alcohol, and caffeinated beverages, the Leeds Dependence
Questionnaire (LDQ), the Severity of Dependence Scale (SDS), the Headache Impact Test-6 (HIT-6), and the Pittsburgh
Sleep Quality Index (PSQI).

Results In total, 1419 CM patients (1135F/284 M, mean age 41.7 + 13.9 years) were recruited, including 799 with MOH
(640F/159 M, mean age 42.5+ 13.2 years) (56.3%). Smoking was associated with an increased risk for MOH in men
(odds ratio [OR]=3.60 [95% confidence interval=1.73-7.50], p=0.001), but not in women (OR=1.34 [0.88-2.04],
p=0.171) (p=0.021 for interaction). Hypnotic use > 3 days/week was a risk factor for MOH (OR=2.55 [95% confidence
interval=2.00-3.24], p < 0.001), regardless of sex. By using receiver operating characteristics (ROC) curves, the cutoff
scores of the LDQ for MOH were determined at 7 for women and 6 for men, and those for the SDS were 5 and 4,
respectively (area under curve all > 0.83). Among patients with MOH, the male sex was associated with a shorter
latency between migraine onset and CM onset (12.9+11.1 vs. 154+ 11.5 years, p=0.008), despite less average head-
ache intensity (6.7+1.9vs. 7.2+ 1.9, p=0.005), functional impacts (HIT-6: 63.4+8.3 vs. 65.1+8.0, p=0.009), and sleep
disturbances (PSQI: 10.9+4.4 vs. 12.2+4.3, p=0.001).

Conclusions The current study identified an association between smoking and MOH in men, as well as sex-specific
cutoffs of the LDQ and the SDS, for MOH. MOH was characterized by a shorter latency between migraine onset

and CM onset in men and a more severe phenotype in women. Sex should be considered as an important factor

in the evaluation of MOH.
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Background

Medication-overuse headache (MOH) is one of the lead-
ing causes of disease-related disability among all neuro-
logical disorders [1]. The estimated prevalence of MOH
is about 1% in the general population [2-5], and it is
associated with tremendous socioeconomic impacts [1,
5]. Timely diagnosis and management are indispensable
in reducing the disease burden of MOH. In particular, it
was found in the Chronic Migraine (CM) Epidemiology
and Outcomes (CaMEO) study that medication overuse
(MO) remained an important issue in about three fourths
of CM patients, despite having had medical consultation,
accurate diagnosis, and minimally appropriate medical
treatment [6]. Therefore, MOH deserves more attention
from the general public and medical professionals.

There is a growing interest in sex-related differences
in medicine, especially in epidemiology, pathophysiol-
ogy, clinical manifestations, and treatment response [7].
In clinical neurology and psychiatry, such a topic is gain-
ing attention in headache disorders and substance use
disorders (SUDs) [8—10]. Similar to CM, MOH is more
common in women than in men [11-13]. However, there
is little information about sex differences in the clinical
manifestations of MOH. In particular, behaviors of sub-
stance dependence were reported to be present in up to
two thirds of MOH patients [14—17]. In addition to acute
medications, use of tobacco and other psychoactive sub-
stances is more common in patients with MOH than in
those without [18, 19]. These findings are suggestive of
shared pathophysiology with SUDs. Recently, there were
reports pointing out the roles of sex-specific mechanisms
in reward and addiction [20]. Whether the associations
between MOH and clinical manifestations related to
dependence behaviors could also be different in women
and men is yet to be clarified. Such sex differences could
have important clinical implications, and need to be
elucidated.

The Leeds Dependence Questionnaire (LDQ) and the
Severity of Dependence Scale (SDS) are two neuropsy-
chological instruments commonly used in the clinical
studies of dependence behaviors in SUDs [21, 22] and in
MOH [23-26]. It was demonstrated that the LDQ and
the SDS were useful to detect the presence of medication
overuse (MO) or MOH [23-26], and the scores were cor-
related with the outcomes [17, 27, 28]. However, in many
of the studies, comparisons were made between chronic
daily headache (CDH) or CM patients with MOH and
those with episodic migraine (EM), episodic cluster
headache, or episodic tension-type headache (TTH) or
even healthy controls. Besides, some of data were from
population-based studies, namely the Akershus study
[25, 26, 28]. The comparative performance of these
two instruments in the detection of MOH among CM
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patients in the clinical settings is uncertain. More impor-
tantly, whether there could be sex differences in the diag-
nostic utilities of these two instruments for the detection
of MOH among CM patients remains to be determined.

The aims of the present study were (1) to determine sex
differences in the association between MOH and the cur-
rent use of tobacco, alcohol, caffeine, or hypnotics, (2) to
compare the diagnostic utilities of the LDQ and the SDS
in the detection of MOH between women and men with
CM, and (3) to evaluate between-sex differences in the
clinical presentations of MOH.

Methods

Patients

In this prospective study, patients with newly diagnosed
CM with and without a concomitant diagnosis of MOH
between September 2018 and November 2022 were
enrolled consecutively. Patients were recruited at their
first visit to the Headache Clinic of Taipei Veterans Gen-
eral Hospital, a tertiary medical center in the capital city
of Taiwan. The Taiwan National Health Insurance (NHI)
covers>99% of the population of our country. Although
a referral mechanism is included in the Taiwan NH]I, it is
not mandatory. Most of the medical expenses are reim-
bursed, and copayment associated with direction consul-
tations with specialists, even in tertiary medical centers,
without referral is typically minimal [29].

Headache diagnoses were made by headache specialists
according to the diagnostic criteria of the Third Edition
of the International Classification of Headache Disorders
(ICHD) (ICHD-3) [30]. The inclusion criteria were (a)
willingness to participate in the study, (b) age between 20
and 65 years, and (c) fulfillment of the ICHD-3 criteria
for migraine. The exclusion criteria included (a) episodic
migraine, (b) coexistence of an acute headache disorder
(within one month of headache onset), (c) coexistence of
a secondary headache disorder, and (d) difficulties com-
pleting the history taking or the questionnaire-based
interview. The study protocols were approved by the
Institutional Review Board of Taipei Veterans General
Hospital (TVGH IRB No. 2018-07-020BC, and 2019-07-
002CC). All of the patients gave written informed con-
sent before entering the study.

Questionnaire-based interviews

Demographics, clinical profiles, headache characteristics,
and behaviors of dependence were collected by using a
specifically designed questionnaire. The current use of
tobacco, alcohol, and caffeinated beverages (coffee, tea,
Coke, etc.) was queried specifically, and the responses
were treated as binary variables. The 6-item Headache
Impact Test (HIT-6) was used to measure the negative
impact on daily activities resulting from headache [31].
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The Hospital Anxiety and Depression Scale (HADS)
was used to screen for psychological disturbances, and
included subscales for anxiety (HADS-A) and depres-
sion (HADS-D) [32]. The quality of sleep was assessed
by using the Pittsburg Sleep Quality Index (PSQI) [33],
which included a question for the status of hypnotic use
(none, <1 day/week, 1-2 days/week, >3 days/week). Fre-
quent hypnotic use was defined as hypnotic use >3 days/
week, the frequency of which was close to the definition
of MOH on the ICHD-3 [30]. The severity of dependence
behaviors was rated by using modified versions of the
LDQ and the SDS for the use in headache disorders [21-
23, 25]. The scores of these instruments were verified by
headache specialists at face-to-face interviews.

The modified version of LDQ consists of ten ques-
tions [23], each of which is to be rated on a scale of 0 to
3 (0=never, 1 =sometimes, 2=often, 3=nearly always).
The total score ranges from 0 to 30. The questions are
as follows: 1. Do you find yourself thinking about when
you will next be able to take analgesics? 2. Is taking anal-
gesics more important than anything else you might do
during the day? 3. Do you feel your need for analgesics is
too strong to control? 4. Do you plan your days around
taking analgesics? 5. Do you take analgesic in a particu-
lar way in order to increase the effect it gives you? 6. Do
you take analgesics morning, afternoon and evening? 7.
Do you feel you have to carry on taking analgesics once
you have started? 8. Is getting the effect you want more
important than the particular analgesic you use? 9. Do
you want to take more analgesics when the effect starts
to wear off? 10. Do you find it difficult to cope with life
without analgesics?

There are five questions in the modified version of SDS
[25], and each item is graded and scored between 0 and
3. The score “0” denotes never/almost never for ques-
tions 1-4 and not difficult for question 5, and the score
“3” indicates always/nearly always for questions 1-4 and
impossible for question 5. The range of the total score
lies between 0 and 15. The questions are as follows: 1. Do
you think your use of your headache medication is out of
control? 2. Does the prospect of missing a dose make you
anxious or worried? 3. Do you worry about your use of
your headache medication(s)? 4. Do you wish you could
stop? 5. How difficult do you find it to stop or go without
your headache medication?

Statistical analysis

Continuous variables were compared by using the Stu-
dent’s t test between groups, or the Mann—Whitney U
test if the null hypothesis of normality was rejected. Cat-
egorical variables were compared by using the chi-square
test. The optimum cutoff scores of the LDS and SDS for
detecting the presence of MOH were determined by
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using receiver operating characteristics (ROC) curves, in
conjunction with Youden’s ] statistics. The discriminative
performances of these two instruments were evaluated
by the areas under the ROC curves (AUC). In general, an
AUC of 0.7 to 0.8 indicates acceptable, 0.8 to 0.9 excel-
lent, and >0.9 outstanding accuracy of a diagnostic test
[34]. Logistic regression modeling (enter method) was
carried out to estimate the odds ratios (ORs) and the 95%
confidence intervals (CIs) for having MOH in relation to
the status of smoking, before and after taking potential
confounders into consideration. Statistical analysis was
carried out by using IBM SPSS Statistics for Windows,
version 24.0 (IBM Corp., Armonk, NY, USA). Statistical
significance was defined as a two-sided p of <0.05.

Results

Study participants

During the study period, 4233 consecutive migraine
patients were screened at their first visit, and 2814
patients were excluded for being diagnosed as episodic
migraine (n=2709), coexistence of other headache dis-
orders (n=7) or acute headache (n=5), or incomplete
questionnaires (n=93) (Fig. 1). In total, 1419 CM patients
(1135F/284 M, mean age 41.7 +13.9 years) were included
in the analysis, 799 of which had a coexisting diagnosis of
MOH (56.3%) (640F/159 M, mean age 42.5+13.2 years)
(Table 1). Among patients with MOH (n=799), acute
medications being overused were multiple medications
in 439 (54.9%), acetaminophen in 167 (20.9%), combina-
tion analgesics in 81 (10.1%), nonsteroidals in 25 (3.1%),
cold syrups in 19 (2.4%), triptans in 13 (1.6%), tramadol
in 11 (1.4%), ergots in 13 (1.6%), others in 10 (1.3%), and
unknown in 21 (2.6%). Among patients overusing mul-
tiple medications (n=439), 253 (57.6%), 132 (30.1%),
and 54 (12.3%) used two, three, and four or more medi-
cations, respectively, and the mostly commonly used
combinations include acetaminophen plus combination
analgesics (n=104, 23.7%), acetaminophen plus NSAIDs
(n=39, 8.9%), acetaminophen plus ergots (n=21, 4.8%),
etc.

Patient with MOH were older than those without
(mean age: 42.5+13.2 vs. 40.6+14.6 years, p=0.008)
(Table 1), and had an earlier onset of migraine (onset
age 20.8+10.0 vs. 23.1+11.3 years, p<0.001), a longer
duration of CM (92.9+110.4 vs. 59.7+99.5 months,
p<0.001), greater average headache intensity (7.1+1.9 vs.
6.1+1.9, p<0.001), a higher frequency of acute medica-
tion use (19.7+7.8 vs. 4.0+5.5 days/month, p<0.001), a
greater headache impact (HIT-6: 64.8+8.1 vs. 62.5+7.0,
p<0.001), more symptoms of depression (HADS-D:
8.1+4.6 vs. 7.4+ 4.4, p=0.002), and poorer sleep quality
(PSQI: 12.0+4.3 vs. 11.0+ 4.1, p<0.001). Besides, patients
with MOH had higher total scores on the LDQ (12.8+7.8
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Migraine new patients screened
(2018/09-2022/11)
(n=4233)
Excluded for:
Episodic migraine (n=2709)
»  Coexistence of other headache disorders (n= 7)
Acute headache (n=5)
Incomplete questionnaires (n= 93)
A
CM patients enrolled
(n=1419)
A4 A4
Without MOH With MOH
(n=620) m=799)
Fig. 1 Flow chart of patient recruitment
Table 1 Clinical characteristics in chronic migraine patients with and without medication-overuse headache
CM (n=1419) Without MOH With MOH (n=799) p value
(n=620)

Age 41.7£139 406+14.6 425+132 0.008
Female gender 80.0% 79.8% 80.1% 0.903
Age at migraine onset (years) 21.8+10.7 231113 20.8+10.0 <0.001
Duration of CM (months) 786+107.1 59.7+£99.5 929+1104 <0.001
Age at CM onset (years) 35.6+14.0 36.0+14.7 353+134 0370
Time from migraine onset to CM onset (years) 141+11.7 131+11.8 149+115 0.007
Average headache severity (/10) 6.7+20 6.1+19 71419 <0.001
Monthly headache days 233466 23.0+6.7 236+65 0.069
Monthly analgesic use (days/month) 128+104 40455 19.7+78 <0.001
Hypnotic use = 3 days/week 32.0% 21.0% 40.5% <0.001
Tobacco use 13.6% 9.1% 17.2% <0.001
Alcohol use 32.0% 33.7% 30.6% 0.220
Caffeine use 65.1% 64.2% 65.1% 0519
HIT-6 638+7.7 625170 64.8+8.1 <0.001
HADS-A 94+45 93+45 95+46 0.385
HADS-D 78+45 74+44 81+46 0.002
PSQI 11.5+43 11.0+£4.1 120+4.3 <0.001
LDQ 8.9+8.1 39+50 128+7.8 <0.001
SDS 49441 23428 69+39 <0.001

Abbreviations: CM Chronic migraine, HADS Hospital Anxiety and Depression Scale (A =anxiety subscale, D=depression subscale), HIT-6 Headache Impact Test-6, LDQ
Leeds Dependence Questionnaire, MOH Medication-overuse headache, PSQ/ Pittsburgh Sleep Quality Index, SDS Severity of Dependence Scale
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vs. 3.9+5.0, p<0.001) and the SDS (6.9+3.9 vs. 2.3+£2.8,
»<0.001) than those without (Table 1).

Association between smoking and MOH, especially in men
Tobacco use was more common in patients with MOH
(17.2% vs. 9.1%, p<0.001) than in those without, but the
proportions of patients reporting current use of alco-
hol (30.6% vs. 33.7%, p=0.220) or caffeinated beverages
(65.1% vs. 64.2%, p=0.519) were similar. In univariate
analysis, smoking was associated with increased odds of
MOH (OR=2.08 [95% CI=1.49-2.89], p<0.001). There
was a significant sex-by-smoking interaction (OR=2.33
[1.08-5.03], p=0.031), and the association was stronger
in men (OR=3.87 [1.99-7.54], p<0.001) than in women
(OR=1.66 [1.13-2.44], p=0.010). After taking age, the
number of monthly headache days, CM duration (years),
and scores on HADS-A, HADS-D, and PSQI into con-
sideration, there was still a significantly sex-by-smoking
interaction (OR=2.63 [1.16-5.98], p=0.021), and the
association between smoking and MOH remained signif-
icant in men (OR=3.60 [1.73-7.50], p=0.001), but not in
women (OR=1.34 [0.88-2.04], p=0.171) (Table 2). The
findings were similar when either LDQ or SDS scores
were further included in the model (data not shown).
However, current use of alcohol or caffeinated beverages
was not associated with the presence of MOH (data not
shown).

On the other hand, frequent hypnotic use, i.e. >3 days/
week, was more common in patients with MOH (40.5%
vs. 21.0%, p <0.001) than in those without, and was asso-
ciated with increased odds of having MOH (OR=2.55
[95% confidence interval=2.00-3.24], p<0.001). How-
ever, there was no significant sex difference (OR=1.31
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interaction). The findings were similar after controlling
for potential confounders (data not shown).

Diagnostic utilities of LDQ and SDS for MOH in women

and men

In the entire study population, the cutoff score of the
LDQ for a diagnosis of MOH was determined at 7,
with a sensitivity of 75.7% and a specificity of 78.4%
(AUC=0.85), and the cutoff score of the SDS was deter-
mined at 5 (sensitivity=73.1%, specificity=79.5%,
AUC=0.84) (Fig. 2A).

When women and men were analyzed separately, the
cutoff scores of the LDQ for MOH were determined at
7 for women (sensitivity=75.9%, specificity=78.0%,
AUC=0.84) and 6 for men (sensitivity=280.5%, speci-
ficity=79.2%, AUC=0.87) (Fig. 2B-C), and the cutoff
scores for the SDS were 5 for women (sensitivity =74.0%,
specificity =79.6%, AUC=0.84) and 4 for men (sensitiv-
ity=76.7%, specificity =73.6%, AUC=0.83).

Acute medication use and clinical correlations in patients
with MOH

When individual acute medications were analyzed sepa-
rately, the most commonly used acute medications were
acetaminophen (65.8%), NSAIDs (58.2%), ergots (19.6%),
and triptans (13.1%). NSAID use was more frequent in
women than in men (60.3% vs. 49.7%, p =0.015), whereas
men were more likely to use cold syrups (13.2% vs.
7.8%, p=0.032) and tramadol (11.3% vs. 6.1%, p=0.022)
(Table 3). Triptan users scored higher on the LDQ
(14.8+7.7 vs. 12.5+7.8, p=0.004) and the SDS (7.9+3.8
vs. 6.8+3.9, p=0.008) when compared with non-users.
The findings were similar for ergot users (LDQ: 14.5+7.8

[0.68-2.52], p=0.426 for sex-by-frequent-hypnotic-use vs. 12.4+7.7, p=0.003; SDS: 8.1+4.0 vs. 6.7+3.8,
Table 2 Risks of MOH in relation to current use of tobacco

Total Sex-by-smoking Men Women

interaction

OR (95% Cl) pvalue OR(95% Cl) pvalue OR(95% Cl) pvalue OR(95% Cl) p value
Tobacco use 1.79(1.25-256)  0.002 1.35(0.89-2.06)  0.157 3.60(1.73-7.50) 0.001 1.34(0.88-2.04) 0.171
Male sex 1.06(0.79-141) 0712 91 (0.67-1.25)  0.563
Age (years) 1.00(0.99-1.01) 0528 1.00 (0.99-1.01)  0.602 1.00 (0.98-1.02) 0.968 1.00 (0.99-1.01) 0.622
Monthly headache days 1.00(0.98-1.02) 0873 1.00 (0.98-1 02) 0.977 0.97 (0.94-1.02) 0.207 1.01 (0.99-1.03) 0.494
CM duration (years) 1.03(1.01-1.05  <0.001 03 (1.0 05)  <0.001 1.13(1.06-1.19)  <0.001 1.02(1.00-1.03) 0.033
Average headache intensity 124 (1.16-1.32) <0.001 4(1.16-1.32) <0.001 1.17(1.01-1.36) 0.038 1.26 (1.18-1.35) <0.001
HADS-A 0.98(0.94-1.01) 0.154 0.98 (0.94-1 1) 0.152 0.94(0.76-1.02)  0.129 0.99(095-1.03) 0498
HADS-D 1.03(1.00-1.07)  0.091 03 (1.00-1.07) 0.090 1.05 (0.97-1.15) 0.232 1.03 (0.99-1.07) 0.198
PsQl 1.03(1.00-1.06)  0.087 03 (1.00-1.06) 0.070 1.03(0.96-1.11) 0461 1.03(0.99-1.06) 0.120
Sex-by-smoking interaction 263 (1.16-5. 98) 0.021

Abbreviations: CM Chronic migraine, HADS Hospital Anxiety and Depression Scale (A =anxiety subscale, D=depression subscale), MOH medication-overuse headache,

PSQI Pittsburgh Sleep Quality Index
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Fig. 2 Receiver Operating Characteristic (ROC) curves of the LDQ and the SDS scores predictive of MOH in the entire study population A, in women
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p<0.001). On the other hand, acetaminophen use was
associated with lower SDS scores (6.7+3.9 vs. 7.4+3.9,
p=0.021), although the LDQ scores were comparable
(12.8+7.8 vs. 12.9+7.8, p=0.777). There was no differ-
ence for other acute medication, and the trends were
generally consistent between the sexes (data not shown).

Sex differences in clinical manifestations of patients

with MOH

When compared with men, women with MOH were older
(mean age: 43.0+ 13.1 vs. 40.5 + 13.4 years, p=0.030), had
greater average headache intensity (7.2+1.9 vs. 6.7+1.9,
p=0.005) and headache impact (HIT-6: 65.1+8.0 vs.
63.4+8.3, p=0.009), and poorer sleep (PSQL: 12.2+4.3
vs. 10.9+4.4, p=0.001), and were more likely to have fre-
quent hypnotic use (i. e.>3 days/week) (42.2% vs. 33.5%,
p=0.048) (Table 3). Besides, women were more likely
to have nausea (89.5% vs. 81.1%, p=0.004) and vomit-
ing (49.4% vs. 37.7%, p=0.008) as headache-associated
symptoms. On the other hand, the latency between
migraine onset and CM onset was shorter in men than
in women (12.9+11.1 vs. 154+11.5 years, p=0.008).
The proportions of patients reporting tobacco (31.0% vs.
13.7%, p<0.001) or alcohol (44.7% vs. 27.1%, p<0.001)
use were higher in men than in women with MOH. How-
ever, other clinical headache features and associated
symptoms were similar between the sexes.

In exploratory analysis based on sex, female MOH
patients with current tobacco use had more frequent
acute medication use (22.0+7.3 vs. 19.3+7.8 days/
month, p=0.002) and shorter intervals between migraine
onset and CM onset (12.7+9.4 vs. 15.6+11.7 vyears,
p=0.019) than those without, despite similar age at
migraine onset (20.3+9.3 vs. 20.7 £10.1 years, p=0.713)
and headache frequencies (24.5+6.2 vs. 23.6+6.4 days/

month, p=0.235). On the other hand, the frequencies
of acute medication use (19.0+7.9 vs. 20.0+7.6 days/
month, p=0.433) and intervals between migraine onset
and CM onset (12.7+10.6 vs. 12.8 £+ 11.4 years, p=0.964)
were comparable between men with MOH who smoked
and who did not, and so were the ages at migraine onset
and headache frequencies (data not shown).

Discussion

In the current study, it was found that smoking was
independently associated with MOH in men, but not in
women, and frequent hypnotic use was associated with
MOH, regardless of sex. Besides, the LDQ and the SDS
were of excellent diagnostic performances for the diagno-
sis of MOH in patients with CM of both sexes, although
the cutoff scores for both of the instruments were one
point lower in men than in women. In addition, MOH
in the current cohort was characterized by a more severe
phenotype in women, and a shorter latency between
migraine onset and CM onset in men. Sex should be con-
sidered as an important factor in the initial evaluation of
patients with suspected MOH.

Important strengths of the present study included sam-
ple size, quality of the data, and study design. The cur-
rent study recruited more than 1400 consecutive CM
patients. Therefore, selection bias could be reduced, and
more accurate estimates could be derived. In particular,
the number of male patients in the present study was
larger than those in the majority of prior studies. Besides,
the data were of high quality and reliability. The diagno-
ses of CM and MOH were made by headache specialists
according to the ICHD-3 criteria. The data were collected
systematically by using a specifically designed question-
naire. In addition, the clinical utilities of the LDQ and
the SDS in CM patients with and without MOH were
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Table 3 Sex differences in clinical presentations of MOH
Female (n=640) Male (n=159) p value
Age 430+13.1 40.5+134 0.030
Age at migraine onset (years) 20.7£10.0 21.0£10.2 0.685
Duration of CM (months) 932+1124 91.5+103.0 0432
Age at CM onset (years) 358+138 333+127 0.041
Time from migraine onset to CM onset (years) 154+115 129111 0.008
Average headache severity (/10) 72+19 6.7+19 0.005
Monthly headache days 237+6.7 232+6.7 0318
Monthly analgesic use (days/month) 19.7+7.8 196+7.7 0.962
Acute medication overused (non-exclusive)®
Acetaminophen 65.9% 65.4% 0.900
NSAIDs 60.3% 49.7% 0.015
Ergots 19.5% 20.1% 0.866
Triptans 13.0% 13.8% 0.772
Cold syrups 7.8% 13.2% 0.032
Tramadol 6.1% 11.3% 0.022
Hypnotic use = 3 days/week 42.2% 33.5% 0.048
Tobacco use 13.7% 31.0% <0.001
Alcohol use 27.1% 44.7% <0.001
Caffeine use 65.7% 66.2% 0.902
Headache characteristics
Pulsatile 72.8% 68.6% 0.285
Unilateral 72.3% 74.8% 0.526
Aggravation by physical activities 88.8% 84.3% 0.115
Nausea 89.5% 81.1% 0.004
Vomiting 49.4% 37.7% 0.008
Photophobia 55.2% 48.4% 0.128
Phonophobia 83.9% 77 4% 0.051
HIT-6 65.1+8.0 634+83 0.009
HADS-A 9.7+45 89+4.7 0.062
HADS-D 8.0+47 84+45 0391
PSQI 122+43 109+44 0.001
LDQ 12777 13.2+82 0.460
SDS 7.0%£39 65+40 0.503

Abbreviations: CM Chronic migraine, HADS Hospital Anxiety and Depression Scale (A =anxiety subscale, D =depression subscale), HIT-6 Headache Impact Test-6, LDQ
Leeds Dependence Questionnaire, PSQ! Pittsburgh Sleep Quality Index, SDS Severity of Dependence Scale

@ Percentages were expressed as proportions of patients using a particular category of medication alone or in combination with other acute medication(s)

compared directly. In addition, dependence behaviors
and related manifestations were compared between the
sexes. Therefore, the present study could provide more
comprehensive and complete information that is more
relevant to CM patients evaluated in the clinical settings.

It was found that smoking was associated with MOH,
and the association was stronger in men. An associa-
tion between smoking and MOH, as well as SUDs, was
reported in the literature [19, 35-37], although whether
there could be sex differences has rarely been discussed
upon. Since smoking shares some clinical features with
SUDs, it is possible that tobacco use could reflect the

presence of disturbances in the reward circuit such that
these patients were at risk of developing MOH. On the
other hand, frequent hypnotic use was also associated
with MOH, which was in keeping with the association
between MOH and tranquilizers reported in the litera-
ture [19, 38]. However, there was no sex difference. Inter-
pretations for the associations with alcohol and caffeine
use could be more complicated since these agents could
have direct impacts on migraine attacks [39]. In addition
to the mechanisms related to reward circuit, it is also
possible that the identified association between MOH
and smoking and hypnotic use could also be attributed
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to certain shared factors, such as socioeconomic status,
stress levels, lifestyles, etc. Further studies are needed to
clarify the roles of these potential confounders. Interest-
ingly, smoking cessation could have a positive effect on
the treatment outcome of SUDs [40]. Whether smoking
cessation would reduce the risk or improve the prognosis
of MOH, especially in men, deserves further exploration.

The current MOH cohort was characterized by a low
rate of triptan use, and there was an association between
overuse of triptans or ergots and more severe depend-
ence behaviors. The rate of triptan use or overuse in
our MOH patients was lower than estimates from some
studies [41-43], although the trend was consistent with
prior reports from Taiwan, which could be attributed
to the costs of tritpans and the restrictions on their use,
e.g. <400 mg/month for sumatriptan tablets, by the
reimbursement regulations of the Taiwan NHI [29, 44].
In the present study, triptan or ergot users scored higher
on the LDQ and the SDS. In fact, it takes shorter laten-
cies and lower doses for patients overusing triptans or
ergots to develop MOH than those with simple analge-
sic overuse [41]. These findings could be suggestive of
an association between overuse of these two classes of
acute medications and a greater tendency to develop
MOH. Alternatively, it is also possible that patients with
different headache severities or personality traits would
preferably overuse certain categories of acute medica-
tions [45, 46]. However, interpretations could be cautious
since the categories of triptan or ergot overuse included
patients using these agents alone or in combination with
other acute medications. More studies are needed to pro-
vide more insight into the underlying pathophysiology.

In the current study, the LDQ and the SDS were of
comparable accuracies in the detection of MOH in CM
patients of both sexes. It was reported that the severity of
dependence behaviors, as measured by the LDQ, in CDH
patients with MO was greater than those with episodic
primary headache disorders, and was similar to that
in SUDs involving alcohol or illicit drugs [23]. Besides,
it was demonstrated that an SDS score of>5 was cor-
related with the presence of MO in the general popula-
tion [25], as well as behaviors of substance dependence
in the clinical settings [17], and the cutoff score identi-
fied in our study was the same. In MOH patients who
received detoxification, responders had greater decrease
in the LDQ scores [27]. Besides, the SDS scores at base-
line were predictive of the outcome in MOH associ-
ated with primary headache disorders [28], and the SDS
could decrease following withdrawal of acute medica-
tions [47]. In addition to preventive medications, behav-
ioral therapy targeting at dependence behaviors could
also be an important treatment option to improve the
treatment outcome [14]. It was demonstrated that brief
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intervention, which consisted of feedback based on the
initial scores of SDS and consultations to reduce the use
of acute medication, was an effective for MOH patients
[48]. It is possible that both the LDQ and the SDS could
have important roles not only as screening instruments,
but also in the treatment and prognostication.

In the present study, it was found that cutoff scores for
the diagnosis of MOH were lower in men than in women
for both of the instruments, and there were differences
in clinical manifestations of MOH and medication use
between the sexes. Actually, it was demonstrated in a
population-based study that SDS >5 for women and >4
for men could help detect MO in a group of patients with
primary chronic headache disorders, of whom 95% had
chronic TTH [25], and the cutoffs identified in our study
were exactly the same. In fact, there have been some
reports on sex-specific cutoffs in the diagnosis a variety
of diseases, such as right bundle branch block, myocar-
dial infarction, venous thromboembolism, etc. [49-52],
which indicate that an uniform diagnostic cutoff score
may not always be the best strategy. On the other hand,
it was found that MOH in women was associated with
more severe clinical manifestations, which is consistent
with the trend in migraine and CM [9, 12, 53]. Besides,
MOH in men was characterized by a shorter interval
between migraine onset and CM onset. In fact, among
patients with EM at baseline, men were more likely to
have CM onset at 6, 9, and 12 months in the CaMEO
study [54]. This might indicate that migraine chronifi-
cation could take a shorter period of time to develop in
men. Since there is a female preponderance in both CM
and MOH [11-13], data in male patients could be under-
presented in the literature. Clinical decisions for men
with MOH based on available evidence could be biased.
Further studies are needed to provide more insights on
sex-specific differences on such an issue.

There are some limitations. First of all, the patients
were recruited from the headache clinic of a tertiary
medical center, and only patients who were 20—65 years
old were included in the study. There could be concerns
about generalizability. However, there is no strict regu-
lation on the process of referral in the healthcare sys-
tem of our country, and the majority of patients came
in directly without referral. Therefore, patients involved
in the present study could reflect those in the general
population to a certain extent. Second, both the LDQ
and the SDS were administered by the patients them-
selves, and there could be concerns about reliability.
However, the responses in these instruments were
verified by headache specialists at face-to-face inter-
views. Besides, the self-administered version of SDS
has been validated against headache specialist inter-
views by telephone [55]. Third, dependence behaviors
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in the current study were defined based on the scores
on neuropsychological instruments, rather than formal
psychiatric evaluation. In fact, although MOH shares
many clinical and neuroimaging features with SUDs,
certain important elements of SUD are not seen in
patients with MOH, such as craving, drug-associated
cues, impulsivity, and compulsive behaviors [56, 57].
Besides, controversies remain as to whether overuse of
acute medications could just reflect the severity of the
underlying headache disorders [45], since most of the
commonly used acute medications are generally con-
sidered to be of low abuse potential [58, 59]. Therefore,
the findings should be interpreted with caution. Fourth,
the use of tobacco, alcohol, and caffeinated beverages
was defined by dichotomous variables, and whether the
amount or frequency of their use to have an impact is
yet to be determined. Finally, as a cross-sectional study,
only associations, rather than causal relationships,
could be identified, and the findings should be inter-
preted with caution.

In conclusion, the present study demonstrated dif-
ferential risks of MOH associated with tobacco use
between men and women and identified sex-specific
cutoff scores of the LDQ and the SDS for MOH among
patients with CM. Besides, compared with men, women
with MOH seemed to have longer latencies of migraine
chronification, except for those who smoke. Sex should
be taken into account in the evaluation of MOH.
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